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Abstract
Biodiversity loss and climate change are both globally significant issues that must be
addressed through collaboration across countries and disciplines. With the December 2015
COP21 climate conference in Paris and the recent creation of the Intergovernmental Plat-
form on Biodiversity and Ecosystem Services (IPBES), it has become critical to evaluate
the capacity for global research networks to develop at the interface between biodiversity
and climate change. In the context of the European Union (EU) strategy to stand as a world
leader in tackling global challenges, the European Commission has promoted ties between
the EU and Latin America and the Caribbean (LAC) in science, technology and innovation.
However, it is not clear how these significant interactions impact scientific cooperation at
the interface of biodiversity and climate change. We looked at research collaborations
between two major regions—the European Research Area (ERA) and LAC—that
addressed both biodiversity and climate change. We analysed the temporal evolution of
these collaborations, whether they were led by ERA or LAC teams, and which research
domains they covered. We surveyed publications listed on the Web of Science that were
authored by researchers from both the ERA and LAC and that were published between
2003 and 2013. We also run similar analyses on other topics and other continents to provide
baseline comparisons. Our results revealed a steady increase in scientific co-authorships
between ERA and LAC countries as a result of the increasingly complex web of relation-
ships that has been weaved among scientists from the two regions. The ERA-LAC co-
authorship increase for biodiversity and climate change was higher than those reported for
other topics and for collaboration with other continents. We also found strong differences in
international collaboration patterns within the LAC: co-publications were fewest from
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are initiatives gathering programmers and funders of
researchers in low- and lower-middle-income countries and most prevalent from research-
ers in emerging countries like Mexico and Brazil. Overall, interdisciplinary publications rep-
resented 25.8% of all publications at the interface of biodiversity and climate change in the
ERA-LAC network. Further scientific collaborations should be promoted 1) to prevent less
developed countries from being isolated from the global cooperation network, 2) to ensure
that scientists from these countries are trained to lead visible and recognized biodiversity
and climate change research, and 3) to develop common study models that better integrate
multiple scientific disciplines and better support decision-making.
Introduction
There is an increasing need to address global issues like biodiversity loss and climate change
[1]. However, both issues are particularly complex, and addressing them requires skills and
research inputs that span countries and disciplines [2]. Interdisciplinary teams have largely
been promoted by funding programmes that direct research to development and politically
desired goals [3]. Though collaborative research teams are common in studies of global, multi-
faceted problems, international interdisciplinary research networks are not easy to build [4]. In
particular, creating an effective international, interdisciplinary team is not as simple as bringing
together a group of scientists from different disciplines and countries. It requires the develop-
ment of common research languages, methods and models across both team members and
countries [5].
Europe is the major donor for research and development cooperation in Latin America and
the Caribbean (LAC), is the largest foreign direct investor in LAC, and is a key promoter of
regional integration [6]. In the context of the EU strategy to stand as a world leader in tackling
global challenges, the European Commission (EC) has indeed strongly promoted ties between
the EU and LAC in science, technology and innovation. More than 750 LAC-based researchers
have been funded through collaborative projects with European partners for a total €100 mil-
lion through the 7th Framework Program (FP7) for research and innovation (2007–2013,
www.eeas.europa.eu/lac; see [7] for more details). As an example, CLARIS-LPB project (2008–
2012 http://www.claris-eu.org/) brought 9 partners from LAC and 11 from EU together, to
build possible scenarios on climate change on La Plata Basin and design adaptation strategies.
The main areas of common interest promoted by the FP7 were renewable energies, climate ser-
vices, bio-economy, marine research, ICT and health. Following the adoption by the EU-LAC
Madrid Summit of the Joint Initiative for Research and Innovation (JIRI) in 2010, the EC has
intensified its support for policy dialogue on science and technology. In particular, this led to
the launch of the ALCUE-Net project (2013-2017- www.alcuenet.eu) with the main objective
to establish a bi-regional platform between actors involved in research and innovation, relevant
stakeholders from the public and private sectors, and civil society so that a long-standing
EU-LAC dialogue on science and technology could be implemented. The EC also supported
the ERANet-LAC (http://eranet-lac.eu), which is a network of the EU and LAC Countries
strengthening the bi-regional partnership in science, technology and innovation by planning
and implementing concrete joint activities such as joint calls for research projects.
Beyond European programmes and initiatives, collaborative research between the ERA and
LAC at the interface of biodiversity loss and climate change is also spurred by bilateral schemes
that promote research between one European country and one LAC country. For instance, Bra-
zil and Mexico were among the 14 countries for which the French National Research Agency
Collaboration Networks on Biodiversity and Climate Change
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research in many domains, including the biodiversity
and climate change interface. ALCUE-Net is
promoting collaboration between Europe and Latin
America and the Caribbean for environmental
sciences, while BiodivERsA is promoting pan-
European research on biodiversity, including its
international competitiveness and visibility. This
requires mapping activities such as the bibliographic
analysis made in the current study. This does not
alter the authors' adherence to PLOS ONE policies
on sharing data and materials.
(ANR) dedicated a bilateral scheme in 2014. For several years, the German Research Founda-
tion (DFG) has operated a joint funding program with the Brazilian partner organisations
FAPESP in the state of São Paulo and FAPEMIG in the state of Minas Gerais based on bilateral
cooperation agreements.
However, it is not clear how these European, trans-continental and bilateral research pro-
grammes impact scientific cooperation at the interface of biodiversity and climate change.
Political leaders in the European Union (EU) and in LAC have long recognised the importance
of incorporating scientific knowledge into proposed solutions to the increasingly complex chal-
lenges that biodiversity loss and climate change pose to society at both local and global scales
[8, 9]. More knowledge-based solutions to these challenges are needed with the recent creation
of the Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES), the
debates associated with the December 2015 Climate Change Conference in Paris (COP21), and
the need for the European Research Area (ERA) to explore nature-based solutions [10] and cli-
mate services [11]. ERA and LAC countries together host a great proportion of the world’s bio-
diversity [12] and are expected to experience significantly different and less predictable
climates over time [13]. Therefore, cooperation at the interface of biodiversity and climate
change should interest both, and demand holistic and regional approaches. But the outcome of
the different research programmes developed for promoting ERA-LAC research collaboration
remains to be evaluated, in particular for hot topics like the interactions between biodiversity
and climate change.
Bibliographic analyses are useful for quantifying bi-regional cooperation in scientific
research [14, 15]. In particular, as scientific publications are the product of collaboration
among researchers and institutions, they can provide an overview on the structure and dynam-
ics of research networks. Therefore, the results of efforts to promote international research col-
laboration can be assessed by analysing networks of co-authors and characteristics of
collaborations, such as temporal trends, and the geographic areas and research domains that
they cover. Here, we analysed publications involving authors from the ERA and LAC published
between 2003 and 2013 to study bi-regional research collaboration at the interface between bio-
diversity and climate change. We evaluated the relative importance of ERA-LAC collaboration
compared to collaborations with other regions, the temporal evolution of the importance of
ERA-LAC collaboration, the nationality of corresponding authors, and the type of research
domain covered. We discuss the implications of our study to guide further development of
ERA-LAC research collaborations in the future.
Materials and Methods
Bibliographic review
Using the Web of Science version of the Thomson Reuters citation databases (WoS, webof-
knowledge.com), we searched the peer-reviewed literature (articles and reviews) published
between 2003 and 2013 that focused on biodiversity, climate change and both together, and
identified papers originating from ERA and LAC countries. The Web of Science platform
draws from several online databases, three of which were particularly relevant for our search:
two from the core collection (Science Citation Index, SCI: 7,100 journals; Social Science Cita-
tion Index, SSCI: 2,100 journals, etc.) and one from the Arts & Humanities Citation Index
(AHCI: 1,700 journals). We found only four additional references by using other databases,
including SciELO (mainly for South America), Scopus, Social Science Research Network,
BioOne and MUSE.
We retrieved all publications with at least one author from a country within LAC (33 coun-
tries: Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Bolivia, Brazil, Chile,
Collaboration Networks on Biodiversity and Climate Change
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Colombia, Costa Rica, Cuba, Dominica, Dominican Republic, Ecuador, El Salvador, Grenada,
Guatemala, Guyana, Jamaica, Haiti, Honduras, Mexico, Nicaragua, Panama, Paraguay, Peru,
Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, Suriname, Trinidad and
Tobago, Uruguay, Venezuela) and all publications with at least one author from a country
within the ERA (28 countries from the EU plus 14 associate members: Austria, Belgium, Bul-
garia, Croatia, Czech Republic, Cyprus, Denmark, Estonia, Finland, France, Germany, Greece,
Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Portugal,
Poland, Romania, Slovakia, Slovenia, Spain, Sweden, United Kingdom, plus Albania, Bosnia,
Faroe Islands, Israel, Iceland, Liechtenstein, Macedonia, Montenegro, Moldova, Norway, Ser-
bia, Switzerland, Turkey). The publications with at least one author from a LAC country and at
least one author from an ERA country were considered an ERA-LAC co-publication, as were
publications authored by at least one scientist who was affiliated with organizations in both the
ERA and LAC. To obtain baseline comparisons, we also performed a search for other conti-
nents, i.e. North America, Africa, Asia and Oceania.
As biodiversity is a broad, multi-faceted concept, we used the following keyword profile to
identify biodiversity-related publications: TOPIC = (biodivers, biological diversity, species
richness, species diversity, taxonom, phylogen, animal diversity, mammal diversity, bird
diversity, fish diversity, reptile diversity, amphibian diversity, frog diversity, insect diversity,
plant diversity, weed diversity, microbial diversity, bacteria diversity, fung diversity, virus
diversity, ecosystem diversity, habitat diversity, landscape diversity, biological conservation,
species conservation, habitat conservation, genetic resource, functional diversity, functional
trait, invasive species, biological invasion, functional type, functional group). To search for
publications on climate change, we used the following keywords: TOPIC = (climat chang,
global warming, climat variab, climat warming, extreme event). We cross-referenced the
two searches to identify publications at the interface of biodiversity and climate change and
checked that all articles were related to these two specific topics. To obtain baseline compari-
sons, we also performed a search for other topics, i.e. all the publications not using any of the
above-mentioned keywords.
All records were imported into an Excel dynamic database. Each record was tagged with its
corresponding WoS section, SCI, SSCI or AHCI, a repeatable attribute as a relatively high level
of record duplication exists between the three sections. The database was cleaned to avoid
duplications and remove errors and inconsistencies (for example, in the country name, in the
affiliations and address fields, see S1 Table).
Data analysis
Co-publication network analysis. We used the author addresses listed in the papers to
determine the international networks of researchers. For each paper, we recorded information
on all authors and identified the collaborating countries. Finally, we computed a triangular
matrix to identify the strength of the links between each pair of countries based on the number
of papers co-authored by these countries. Co-publication network mapping and analysis were
performed using the open source Gephi software ([16], http://gephi.org).
Mapping and co-authoring network analysis. We performed two-dimensional spatial
mapping of ERA-LAC co-authorship networks working at the interface of biodiversity and cli-
mate change using the Force-Atlas 2 algorithm in Gelphi. This algorithm creates a visual repre-
sentation of nodes (countries) connected by edges (based on co-authorship) according to the
following rules: 1) node size represents the number of publications, 2) all nodes are attracted to
the center (the country with the highest number of publications), 3) all nodes repel each other
(to prevent visual overlapping of the nodes), 4) all nodes that are connected by an edge attract
Collaboration Networks on Biodiversity and Climate Change
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each other, according to the weight of the edge (the number of publications with co-authorship
between the two countries/regions). Two nodes are thus spatially closer if there are many col-
laborative publications. To examine the dynamics of the development of ERA-LAC co-author-
ship networks that were working at the interface of biodiversity and climate change over the
last 11 years, we built maps for two different periods: 2003–2008 and 2008–2013.
We also created two-dimensional maps of the co-publication networks at the global level,
looking at collaborations between the ERA, LAC, other European countries, North America,
Africa, Asia, Oceania. As these networks were drawn on a world map background, only node
size and edge weight were represented.
We computed two indicators to evaluate the role of each country within the ERA-LAC co-
publication network [5]: (i) the scientific production level, i.e. the number of publications pro-
duced, normalized by the maximum number observed, and (ii) the betweenness centrality, nor-
malized by the maximum value observed, which indicates how strongly a country acts as a
bridge with other countries in the ERA-LAC network. Centrality indices are essential tools for
the analysis of networks as they are designed to rank the actors (e.g., countries) according to
their position in the network, which can be viewed as the prominence of actors embedded in a
network structure. Most centrality indices are based on shortest paths linking pairs of actors,
measuring, e.g., the average distance from other actors, or the ratio of shortest paths an actor
lies on. Following [17], publication networks can be described as a graph G = (V, E), where the
set V of vertices represents countries of all authors in the publications, and the set E of edges
represents links between countries. We can define a path from s 2 V to t 2 V as a sequence of
vertices and edges, beginning with s and ending with t, such that each edge connects its preced-
ing with its succeeding vertex. The length of a path is the sum of the weights of its edges. Let σst
denote the number of shortest paths from s to t, where σss = 1 by convention. Let σst (υ) denote
the number of shortest paths from s to t that some υ 2 V lies on. The betweeness centrality
CB(υ) of each country can be calculated as (Eq 1):
CBðuÞ ¼
X
s6¼u6¼t2V
sstðuÞ
sst
ð1Þ
Authorship, themes, ecosystems, and interdisciplinarity. We identified the country of
the corresponding authors of all the ERA-LAC publications that study biodiversity and climate
change together to see which countries were the main scientific leaders of these publications.
To examine whether effects attributed to countries might actually be the work of a small num-
ber of prolific individuals, institutions or projects, we measured a diversity index on author,
affiliation and funding fields of our database, using the probability of interspecific encounter
(PIE, [18]). PIE expresses the probability that two publications randomly drawn from our sur-
vey correspond to different authors/institutions/projects:
PIE ¼ ð N
N  1Þð1
XN
i¼1
ðNi
N
Þ2Þ ð2Þ
where N = 500 (the total number of ERA-LAC publications in our database) and Ni is the num-
ber of individuals of the ith author/institution/project in the database. For PIE< 0.70, the lower
the PIE value, the more uneven its abundance distribution, i.e. it would be increasingly charac-
terized by the dominance of one or a few authors/institutions/projects [18].
To assess how involved different scientific communities were in ERA-LAC collaborations
on issues related to biodiversity and climate change, we also computed 1) the proportion of
ERA-LAC publications at the interface of biodiversity and climate change that correspond to
Collaboration Networks on Biodiversity and Climate Change
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five major scientific disciplines defined by the WoS (biological sciences, earth sciences, technol-
ogy, human sciences, medicine), 2) several themes in each discipline (for example, within earth
sciences we identified the following themes: geography, geology, oceanography, atmospheric
sciences, and water resources). Several themes could be attributed to a single publication (this
occurred for about 35% of all publications). For publications classified as ‘biological science’,
which made up most of the records, we also identified whether the study was performed in ter-
restrial, marine or freshwater ecosystems, and whether the study had been performed within
an LAC country or within the ERA. Better-resolution ecosystem units (e.g. corals, coastal zone,
pelagic zone, mountains, dry forest, rainforest etc.) were not included in our analysis as 1)
many articles spanned several ecosystem units (e.g., survey of disease vectors, global monitor-
ing of birds), 2) several articles concerned systems that were related to several ecosystem units
(e.g., glacial streams and riparian vegetation, forest and ponds of the Pantanal), 3) many studies
were conducted in very singular ecosystems occurring only a few times in the database (e.g.,
cloud forest, paramos, altiplano deserts). Therefore, any analysis on ecosystem specificities
would have been poorly relevant. In addition, we used a Venn diagram to visualize the interdis-
ciplinarity of the ERA-LAC research on biodiversity and climate change, distinguishing three
large disciplinary fields: biological, earth and human sciences.
Results
Number of ERA-LAC publications on biodiversity and climate change,
and temporal trends
The number of peer-reviewed publications that arose from collaborations between ERA and
LAC countries on biodiversity, climate change and at the interface of biodiversity and climate
change all increased exponentially between 2003 and 2013 (Fig 1A), with the highest exponen-
tial coefficients for the biodiversity/climate change interface (biodiversity/climate change = 0.28;
climate change = 0.22; biodiversity = 0.15). As a control trend, the exponential coefficient for
the publication number between ERA and LAC on all topics other than biodiversity and cli-
mate change was only of 0.087 during the same period. The total number of ERA-LAC co-pub-
lications at the interface of biodiversity and climate change between 2003 and 2013 was 500.
The proportion of publications corresponding to this interface as compared to the sum of pub-
lications on ‘biodiversity’ plus ‘climate change’ increased 3-fold over the last decade from 2.2%
to 6.9% (significant linear increase, R2 = 0.81, p< 0.01, Fig 1B). In parallel, a 8-fold increase
was observed for the proportion of publications on the biodiversity/climate change interface
regarding the sum of publications on all other topics (dash line, R2 = 0.92, p< 0.01, Fig 1B).
ERA-LAC collaboration and its importance at the global scale
At a global scale, ERA-LAC co-publications represented 7.9% of the total number of publica-
tions at the interface of biodiversity and climate change between 2003 and 2013, co-publica-
tions between the ERA and North America representing 22.9%. Between 2003 and 2013,
Europeans authored 2.8 times more publications at the interface of biodiversity and climate
change than did LAC scientists (3706 vs. 1312, respectively).
Europeans published studies at the interface of biodiversity and climate change mainly
through intra-European networks (54.8% of all ERA publications on this topic), and to a lesser
extent with North America (18.2%; Fig 2A). ERA-LAC collaborations (500 publications) were
comparable to those between the ERA and Africa (467 publications), Asia (543 publications)
and Oceania (631 publications).
Collaboration Networks on Biodiversity and Climate Change
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Fig 1. Temporal variation of ERA-LAC scientific publication thematics. (A) Temporal trend of the
number of scientific publications (log scale) involving collaboration between Latin America/Caribbean (LAC)
and the European Research Area (ERA) during the last decade: (White dots) climate change; (White
squares) biodiversity; (Black dots) biodiversity and climate change; (Black triangles) all other topics. (B)
Temporal evolution of the annual proportion of the total number of publications on biodiversity plus those on
climate change (black dots, black line) and of the total number of publications on all other topics (white dots,
dashed line) that were at the interface of biodiversity and climate change over the 10 year period studied.
doi:10.1371/journal.pone.0157441.g001
Collaboration Networks on Biodiversity and Climate Change
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LAC scientists published studies at the interface of biodiversity and climate change equally
with the ERA, North America and other LAC countries (27.0 to 29.2%), and they rarely pub-
lished with colleagues from Oceania, Asia and Africa (Fig 2B). The number of publications at
the interface of biodiversity and climate change that arose from collaborations between ERA
countries and North America, Oceania, Africa, Asia and other European countries all increased
between 2003 and 2013 (Fig 3A), but the exponential coefficients were lower (0.21–0.24) than
those calculated for the ERA-LAC collaboration (0.28). Moreover, for LAC countries, the col-
laboration with Oceania, Africa, Asia and European countries other than ERA, only slightly
increased over the 2003–2013 period (exponential coefficient range = 0.09–0.19).
ERA-LAC collaboration network, and its temporal evolution
The proportion of ERA-LAC co-publications at the interface of biodiversity and climate
change increased from around 3% in 2003 to 8% in 2013 of total ERA publications (significant
linear increase: R2 = 0.44, p< 0.05) and from around 25% to 40% of total LAC publications
over the same period (Fig 4) (R2 = 0.41, p< 0.05). The increase in collaborative ERA-LAC
Fig 2. Strength of the research collaboration between LAC and the ERA.Data concern publications the interface of biodiversity and climate change
as compared with other transcontinental collaborations on this topic for (A) the ERA and (B) LAC. The arrows in the maps represent the level of co-
publication between two continents (node sizes are not comparable between the two panels). The pies on the right provide the values of the different
links, including collaborations between countries within each region.
doi:10.1371/journal.pone.0157441.g002
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papers at the interface of biodiversity and climate change (4.8 more papers in 2008–2013 than
in 2003–2008) over time was associated with an expanded and more complex network of co-
author links (Fig 5). On average, ERA and LAC countries increased their number of papers
between the two time periods by a factor of 5.1 and 4.4, respectively. Brazil played an increas-
ingly important role in the network, producing an average of 8.5 more papers between 2008
Fig 3. Temporal variation of ERA-LAC scientific publications with different continents. Temporal
variation in the number of (Top) ERA and (Bottom) LAC publications on biodiversity X climate change that
involved co-publications with either Africa, Oceania, Asia, Europe (non-ERA) or North America. The dashed
line corresponds to the temporal trend observed for the ERA-LAC publications (see Fig 1A).
doi:10.1371/journal.pone.0157441.g003
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and 2013 than it did between 2003 and 2008. Several ERA countries increased their influence
between the two periods as well: Sweden (30-fold increase), Portugal (25) and Italy (8.7). While
the core of the collaboration network included Brazil, Argentina, Mexico, UK, Spain, France,
Germany, the Netherlands and Switzerland for both periods, by the second time period that
core also included Chile, Venezuela, Ecuador, Colombia, Portugal, Italy and Denmark (Fig 5).
Overall, a country’s influence in cooperative networks with the other countries (between-
ness centrality) increased with the number of publications produced, i.e. countries with fewer
Fig 4. Temporal variation in the proportion of ERA-LAC publications. Temporal variation in the proportion of
(A) the ERA publications that involve co-publications with LAC, and (B) the LAC publications that involve co-
publications with ERA. The topic considered is the interface of biodiversity and climate change.
doi:10.1371/journal.pone.0157441.g004
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Fig 5. Cooperation networks of ERA-LAC publications. Cooperation network between countries from the
ERA (in blue) and LAC (in red) on biodiversity and climate change together during (Top) 2003–2008 and
(Bottom) 2008–2013. Disc size corresponds to the weighted degree (number of countries to which a country
is linked, weighted by the number of publications).
doi:10.1371/journal.pone.0157441.g005
Collaboration Networks on Biodiversity and Climate Change
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publications generally had lower betweenness centrality coefficients (Fig 6). However, coun-
tries like, above all Italy and Mexico, but also Bolivia, the Netherlands and Spain had a higher
betweenness centrality index than their publication number would suggest they should (Fig 6),
while others, like the UK, Germany, France and Brazil (and to a lesser extent Chile) had a
lower betweenness centrality score than might be expected based on their publication
numbers.
Fig 6. Betweenness centrality and number of publications involving cooperation at the interface of
biodiversity and climate change between LAC and the ERA. (A) countries from the ERA and (B) countries
from the LAC. For each variable and each panel, values are normalized by the maximum value observed.
doi:10.1371/journal.pone.0157441.g006
Collaboration Networks on Biodiversity and Climate Change
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Leading authorship
Overall, ERA researchers were corresponding authors for 50% of the ERA-LAC publications at
the interface of biodiversity and climate change, while 30% were LAC researchers (Fig 7). ERA
authors based in the UK, Germany and Spain were the most common for ERA-led ERA-LAC
publications. LAC authors based in Brazil and Mexico were most common for LAC-led ERA--
LAC publications (Fig 7).
No ERA-LAC authors, institutions or projects contributed disproportionally to the bulk of
publication (PIE = 0.91, 0.87 and 0.89, respectively). The most prolific authors, institutions and
projects accounted to a maximum of 2.0, 3.8 and 3.1% of all publications, respectively).
Fig 7. Geographic distribution of the corresponding authors of the ERA-LAC publications on biodiversity and
climate change.
doi:10.1371/journal.pone.0157441.g007
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Themes addressed, disciplines mobilized and interdisciplinarity level
Biological science was by far (63%) the most common theme among the ERA-LAC publica-
tions at the interface of biodiversity and climate change, followed by earth sciences (14%), tech-
nology sciences (13%) and human sciences (8%) (Fig 8). The most common scientific domains
within these themes were ecology (250 publications), biodiversity conservation (82 publica-
tions), science and technology (72 publications) and physical geography (44 publications).
Publications in domains of high socio-economic relevance, such as agriculture, fisheries or
tropical diseases, were rare.
Overall, 85% of all studies in biological sciences were conducted in sites/organisms within
LAC territories, mainly in terrestrial and freshwater environments, and to a lesser extent,
marine environments (Fig 8—inset). Interdisciplinary publications, at the interface of biodiver-
sity and climate change, represented about one fourth (25.8%) of all publications in the ERA-
LAC network (Fig 9). Publications that spanned both biological and earth sciences were most
Fig 8. Major domains addressed by ERA-LAC co-publications on biodiversity and climate change. The inset (top right) details the environments
studied, indicating whether or not the study sites were on LAC territory. Note that a given discipline (e.g., geography) can be classified into two different
domains (e.g., earth sciences and human sciences)
doi:10.1371/journal.pone.0157441.g008
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common (105 publications) followed by those arising from both human and earth science (50
publications), biological and human sciences (46 publications) and biological, human, and
earth sciences (36 publications).
Discussion
Within the LAC region is an exceptionally rich diversity of species and ecosystems. There is
already severe pressure on the capacity of these species and ecosystems to deliver essential ser-
vices to society [19, 20, 21]. While sound management of biological resources may strengthen
the economies of the region, mismanagement in some countries is accelerating environmental
degradation, food and water insecurity, and health and social problems [22]. The additional
challenges imposed by climate change require the scientific community to join forces in docu-
menting the climate change-induced alterations to ecosystems, increasing understanding of the
biological underpinnings of ecosystem services (in particular, those linked to climate regula-
tion, and climate change effects on services) and ecosystem-based adaptation [23], and devel-
oping other approaches for maintaining and restoring resilient socio-ecological systems in the
face of climate change [24]. Our analysis shows that most ERA-LAC studies focus on sites/
organisms within LAC territories, which demonstrates that ERA-LAC collaboration mainly
Fig 9. Venn diagram representing the level of transdisciplinarity among biological, earth and human
sciences in the ERA-LAC co-publications at the interface of biodiversity and climate change.Circle
diameter is proportional (log-scale) to the total number of articles.
doi:10.1371/journal.pone.0157441.g009
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aims at better studying issues related to biodiversity and climate change in this biodiversity-
rich and climate-sensitive region.
Growth in the number of papers at the interface of biodiversity and climate change has been
exponential over the last decade, indicating that scientists in the ERA and LAC have recognized
the importance of studying the links between biodiversity and climate change. The proportion
of publications at the interface of biodiversity and climate change and of publications involving
ERA-LAC partners has also significantly increased between 2008 and 2013 than it did between
2003 and 2008. This increase in ERA-LAC publication in biodiversity and climate change was
higher than that for other topics and with other regions of the world, even North America. In
addition, although EU development policy aims to support Latin American regional integra-
tion [25], our study reveal strong differences in international collaboration patterns within
LAC: there were much fewer co-publications with low- and lower-middle-income countries
and much more with emerging countries like Mexico and Brazil.
These two main characteristics of the ERA-LAC collaborations at the interface of biodiver-
sity and climate change, i.e. growth in collaborations and marked differences in representation
among countries, have already been reported in other studies on international scientific coop-
eration, both between ERA-LAC regions [15] and worldwide [24]. Various theories have been
proposed to explain the rise of international scientific cooperation [24]. Among them, the
development of ‘big science’, including global biodiversity projects (e.g., GLORIA, CTFS), his-
torical relationships like former colonial ties (e.g. within the Spanish-speaking communities),
and development of national research funding programmes (e.g., in Brazil or Ecuador) have
likely contributed to the expansion of the ERA-LAC co-publication network working at the
interface of biodiversity and climate change. Moreover, it is noteworthy that the EU program
for research and innovation has been opened to international cooperation under various
schemes (bilateral, multilateral), thus encouraging international research projects to emerge, as
in the case of ERA-LAC collaboration. Bilateral science funding and development policy are
therefore also at play to explain the increase in ERA-LAC collaboration and associated number
of papers in the study period. These contribute to integrating research cooperation and policy
into development cooperation processes, although it has to be differentiated from the official
EU international cooperation and development programs (e.g., EuropeAid), which has less to
do with scientific research policy.
The increase in scientific co-authorships between ERA-LAC countries is also likely an out-
come of the increasingly complex web of relationships that has been weaved between scientists
of the two regions [15]. While some countries like Mexico, Italy and the Netherlands relied
heavily on international and regional collaboration to boost scientific production, others like
Brazil and the UK appear to have another strategy by engaging in bilateral collaboration with
selected countries or states [15]. Overall, countries like Brazil, France, the UK and Germany
mostly develop bilateral cooperation with poor regional integration, and further efforts should
be made to foster cooperation within LAC if regional integration is viewed as a key target.
While no individual ERA country reached levels of co-authorship like that between the United
States of America and LAC, the ERA as a whole equalled North America’s level of scientific
partnerships with LAC. This pattern probably illustrates comparable economic units and fund-
ing flows between North America/ERA and LAC [7].
Many issues addressed by the scientific community studying biodiversity and climate
change together (e.g., the study of reef system’s resilience to climate change or adaption to
changing fishery resources) requires an interdisciplinary approach that includes life, earth and
social sciences. Our study found that about one fourth of all studies on biodiversity and climate
change within the ERA-LAC cooperation network were interdisciplinary. These levels may be
underestimated, as our publication sample was not selected on terms that might have pulled in
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more human science papers. Moreover, within the large categories are also many disciplines
and important interdisciplinarity which may be overlooked. While our study cannot conclude
on the importance of interdisciplinarity in the ERA-LAC network, this issue is central to sound
research on biodiversity and climate change and would merit further investigations. As evi-
denced in a recent ALCUE-Net meeting (see http://alcuenet.eu/meeting-events.php?event=
TkRRNA), a major barrier to the scientific cooperation between biodiversity and climate
change communities seems to be the discrepancy in the data formats, resolution, uncertainties,
and access of each community. To improve understanding and collaboration between both
communities, their dialogue should be strengthened through capacity building activities and
cooperation projects so that biodiversity community’s expectations could be better identified
and climate models limitations better assessed. Moreover, although the internal disciplinary
differentiation of science motivates linkages among research teams in specific research
domains at the international level [26], the scientific community of both regions must put
more effort into developing common study models and systems. This would help integrate a
greater breadth of expertise, foster participatory science, and ultimately provide knowledge to
decision makers consistently with the frameworks of the Intergovernmental Panel on Climate
Change (IPCC) and IPBES.
Over the last twenty years, the ERA and LAC countries have committed themselves to con-
solidating their links through a strategic partnership. A major objective of these reinforced links
is often to build countries’ capacity. However our analysis shows that while most ERA-LAC
studies are performed on sites located in LAC territories only one third of the corresponding
publications are led by LAC scientists. However, the relationship between capacity building and
publication authorship is not straightforward and the poor leadership of LAC scientists may also
illustrate the ERA origins of the funding and lack of research coordination in the LAC region. A
second major objective is to promote academic excellence and productivity. Further parameters
like journal impact factors and corresponding author metrics could be incorporated into biblio-
metric analyses to assess whether ERA-LAC collaboration has developed in a way that fulfils this
goal. A third major objective of reinforced ERA-LAC links is to properly study the interplay of
biodiversity and climate change issues over the entire LAC area. However, our results indicate
that ERA-LAC collaboration is biased towards a few, emerging countries, with most studies
focused on sites in Brazil andMexico (which is a powerful actor of intra-LAC cooperation), and
there is a need to better tailor cooperation with low- and mid-income countries by conducting
more targeted collaborations for R&D studies on biodiversity and climate change. However,
strengthening the connection between less developed countries and the global cooperation net-
work will not be easy. For example, Bolivia appears in our analysis only as a peripheral link to
the global network through regional hubs, but it has very limited academic resources in biodiver-
sity and climate change science. The limitations of climate model downscaling (for example in
the Andean region, [13]) and the fragmented information available on the conservation status of
many South American species [27] illustrate the urgent need for ERA-LAC initiatives at the
interface of climate change and biodiversity to integrate a truly regional approach. As it is
unlikely that such an initiative would come from individual countries, the EU faces a key chal-
lenge in promoting regional scientific cooperation in LAC countries. It is a daunting task, but
the recent calls launched by ERA-LAC networking projects such as the ERANet-LAC (http://
eranet-lac.eu, €6 millions in 2015–2016) are promising advances to address this issue.
Supporting Information
S1 Table. Complete database of publications used for the analysis.
(TXT)
Collaboration Networks on Biodiversity and Climate Change
PLOSONE | DOI:10.1371/journal.pone.0157441 June 15, 2016 17 / 19
Acknowledgments
We are grateful to Sharilynn Wardrop, Eleanor O'Rourke, Carlos Ereño and two anonymous
reviewers for useful comments on a previous version of this manuscript.
Author Contributions
Conceived and designed the experiments: OD XL. Performed the experiments: OD JL SS. Ana-
lyzed the data: JL SS. Contributed reagents/materials/analysis tools: JL SS. Wrote the paper:
OD JV XL CF.
References
1. SteffenW, Richardson K, Rockström J, Cornell SE, Fetzer I, Bennett EM, et al. Planetary boundaries:
Guiding human development on a changing planet. Science 2015, 347: 1259855.
2. Hannah L. Climate change biology. Academic Press; 2010.
3. Weingart P. A Short History of Knowledge Formations. In: Frodemann R, Thomson Klein J, Mitcham C,
editors. The Oxford Handbook of Interdisciplinarity. Oxford: Oxford University Press; 2010. pp. 3–14.
4. Frodeman R, Klein JT, Mitcham C. The Oxford handbook of interdisciplinarity. Oxford University Press;
2010.
5. Valdez AC, Schaar AK, Ziefle M, Holzinger A, Jeschke S, Brecher C. Using mixed node publication net-
work graphs for analyzing success in interdisciplinary teams. Active Media Technology: Springer Ber-
lin Heidelberg. 2012. pp. 606–617.
6. Tassara C. Dialogue, cooperation and Euro-Latin American relations. Invest. Des., 2013; 21: 2–21.
7. CEPAL NU. The European Union and Latin America and the Caribbean in the new economic and social
context. Edition ECLAC; 2015.
8. European Commission. Towards the EU-LAC Knowledge area—Scientific and technological coopera-
tion between Latin America, the Caribbean and the European Union for sustainable development and
social inclusion, Luxembourg, Publications Office of the European Union; 2010.
9. Garcia RL, Jimenez VF. Balance de la asociación entre América Latina y el Caribe y la Unión Europea.
La Nueva Agenda, 2014; 8: 7–33.
10. Eggermont H, Balian E, Azevedo J, Beumer V, Brodin T, Claudet J, et al. Nature-based solutions: new
influence for environmental management and research in Europe. GAIA Ecol. Persp. Sci. Soc. 2015;
24: 243–248.
11. European Union. A European research and innovation roadmap for climate services, Luxembourg,
Publications Office of the European Union; 2015.
12. Groombridge B, Jenkins M. World atlas of biodiversity: earth's living resources in the 21st century. Uni-
versity of California Press; 2002.
13. Pachauri RK, Allen MR, Barros VR, Broome J, Cramer W, Christ R et al. Climate Change 2014: Synthe-
sis Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the Intergov-
ernmental Panel on Climate Change; 2014.
14. Melin G, Persson O. Studying research collaboration using co-authorships, Scientometrics. 1996; 36:
363–377.
15. Russel JM, Ainsworth S. Mapping S&T Collaboration between Latin America and Europe: Bibliometric
Analysis of Co-authorships (1984–2007) In Gaillard J, Arvanitis R, editors. Research Collaboration
between Europe and Latin America: Mapping and Understanding partnership, Edition des Archives
contemporaines; 2014. pp 49–77.
16. Bastian M, Heymann S, JacomyM. Gephi: an open source software for exploring and manipulating net-
works. ICWSM. 2009; 8, 361–362.
17. Brandes U. A faster algorithm for betweenness centrality. J. Math. Sociol. 2001; 25: 163–177.
18. Hurlbert SH. The nonconcept of species diversity: a critique and alternative parameters. Ecology. 1972;
52: 577–586.
19. Hoorn C, Wesselingh FP, Ter Steege H, Bermudez MA, Mora A, Sevink J et al. Amazonia through time:
Andean uplift, climate change, landscape evolution, and biodiversity. Science. 2010; 330: 927–931.
doi: 10.1126/science.1194585 PMID: 21071659
20. Perez C, Nicklin C, Dangles O, Vanek S, Sherwood S, Halloy S, et al. Climate Change in the high
Andes: Implications and adaptation strategies for small scale farmers. Int. J. Environ. Cult. Econ. Soc.
Sustain. 2010; 6: 78–88.
Collaboration Networks on Biodiversity and Climate Change
PLOSONE | DOI:10.1371/journal.pone.0157441 June 15, 2016 18 / 19
21. Martínez R, Jørgensen PM, Tiessen H. Climate change and biodiversity in the tropical Andes. São
José dos Campos: Inter-American Institute for Global Change Research. 2011.
22. Munang R, Thiaw I, Alverson K, Mumba M, Liu J, Rivington M. Climate change and Ecosystem-based
Adaptation: a new pragmatic approach to buffering climate change impacts. Curr. Opin. Environ. Sus-
tain. 2013; 5: 67–71.
23. Swanson T. Global action for biodiversity: an international framework for implementing the convention
on biological diversity. Routledge; 2013.
24. Mooney H, Larigauderie A, Cesario M, Elmquist T, Hoegh-Guldberg O, Lavorel S, et al. Biodiversity, cli-
mate change, and ecosystem services. Curr. Opin. Environ. Sustain. 2009; 1: 46–54.
25. European Commission. A stronger partnership between the European Union and Latin America. Lux-
embourg: Office for Official Publications of the European Communities; 2006.
26. Wagner CS., Leydesdorff L. Mapping the network of global science: comparing international co-author-
ships from 1990 to 2000. Int. J. Technol. Global. 2005; 1: 185–208.
27. UNEP. State of Biodiversity in Latin America and the Caribbean, UNEP report; 2010.
Collaboration Networks on Biodiversity and Climate Change
PLOSONE | DOI:10.1371/journal.pone.0157441 June 15, 2016 19 / 19
